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(54) LUMINAIRE AND PROJECTOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a luminaire that has 
a structure in which light emitting devices such as a light 
emitting diode can be arrayed at high density. 
SOLUTION: The luminaire has a structure in which a plurality 
of pointed light emitting devices are arrayed most densely to 
form a light emission surface. The densest array in the light 
emission surface as a light emission part in a surface array 
can maximize luminance per unit area, and the use of the 
pointed light emitting devices can permit wiring using empty 
space about pointed portions to ensure sufficient connection 
even under the densest array. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The lighting system which is made to carry out the maximum dense array of the light 
emitting device of the shape of two or more cusp, and is characterized by coming to form a 
luminescence side. 

[Claim 2] The light emitting device of the shape of said cusp is a lighting system according to claim 1 
with which only a predetermined number is characterized by carrying out parallel connection of the 
configuration connected to the serial. 

[Claim 3] Said predetermined number is a lighting system according to claim 2 characterized by being 
a number corresponding to the value which broke rated voltage by forward voltage of the light 
emitting device concerned. 

[Claim 4] The light emitting device of the shape of said cusp is a lighting system according to claim 1 
characterized by being arranged on a support substrate. 

[Claim 5] The light emitting device of the shape of said cusp is a lighting system according to claim 1 
characterized by the acumination part of one component and the bottom surface part of the 
component of another side being connected by the wiring layer among the components which the 
acumination part of a component and the bottom surface part of a component are made into the 
polar zone, respectively, and adjoin between the light emitting devices of the train by which series 
connection is carried out 

[Claim 6] The light emitting device of the shape of said cusp is a lighting system according to claim 1 
characterized by having the structure to which the sloping field was made to carry out the laminating 
of the 1st conductive layer, a barrier layer, and the 2nd conductive layer. 

[Claim 7] The lighting system characterized by making the light emitting device of the shape of two or 
more cusp arrange, forming a luminescence side, and forming the resistance section in said light 
emitting device at a serial, respectively. 

[Claim 8] Said resistance section is a lighting system according to claim 7 characterized by forming a 
high resistance wiring layer in the shape of a coil. 

[Claim 9] Said high resistance wiring layer is a lighting system according to claim 7 characterized by 
being formed in the support substrate side of said light emitting device. 

[Claim 10] the light emitting device of the shape of two or more cusp — ** — the lighting system 
characterized by coming to form an optical-pumping fluorescent substance layer in the optical 
ejection side side while making it arrange densely. 

[Claim 1 1] The luminescence wavelength of said light emitting device and the luminescence 
wavelength of said optical-pumping fluorescent substance layer are a lighting system according to 
claim 10 characterized by being different wavelength. 

[Claim 12] It is the lighting system according to claim 10 characterized by for said light emitting 
device being the light emitting diode of blue luminescence, and exciting said optical-pumping 
fluorescent substance layer by blue glow, and enabling yellow luminescence. 
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[Claim 13] It is the lightin^ystem according to claim 10 characterized by for said light emitting 

device being the light emitting diode of purple luminescence, and exciting said optical-pumping 

fluorescent substance layer with purple light and enabling white luminescence. 

[Claim 14] The lighting system characterized by only the minimum margin distance the light emitting 

device of the shape of two or more cusp is decided to be on a process being estranged and arranged, 

and coming to form said luminescence side by the light emitting device of two or more shape of said 

cusp. 

[Claim 1 5] The lighting system which is made to carry out the maximum dense array of the light 
emitting device of the shape of two or more cusp, and comes to form a luminescence side, and 
projection equipment characterized by having the transparency mold image display section arranged 
in the optical projection way of said lighting system. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the lighting system which is made to arrange densely 
two or more light emitting devices, such as a semi-conductor light emitting device, and uses the light 
from this light emitting device for lighting. 
[0002] 

[Description of the Prior Art] The array structure of making semi-conductor light emitting devices, 
such as light emitting diode, arranging in the shape of an array is used for various kinds of 
equipments from before. Such array structure of a semi-conductor light emitting device may be used 
as the light source for electric discharge of a copying machine (for example, refer to JP.4-1 37675A), 
or may be used as an LED unit (for example, refer to JP.4-344992.A.) of the image sensors for 
recognizing an alphabetic character etc. 

[0003] as [ indicate / as such an example / generate light which reaches direct human being's eye 
further, aiming at use as a lighting system is also examined, and / although the array structure of 
these semi-conductors light emitting device is used as a luminescence means within various kinds of 
copying machines and readers / structure / by JP,9-297549,A ] — flexible — a line — the example 
like an emitter, other illumination material, etc. are coming to be used widely. 
[0004] 

[Problem(s) to be Solved by the Invention] When two or more semi-conductor light emitting devices 
like light emitting diode are made to arrange in the shape of an array and it constitutes a lighting 
system, it is possible to obtain a lighting system with high brightness, making a consistency high 
comparatively by putting light emitting diode in order with a bare chip. 
[0005] However, even if it is the case where put the light emitting diode of two or more field 
luminescence molds in order, and a lighting system is constituted for example, when the structure of 
light emitting diode forms a barrier layer in the semi-conductor layer of the planar structure which 
carries out a laminating to a plane In order to divide and prepare an electrode in a top and the bottom 
on both sides of a barrier layer, to connect two or more light emitting diodes to a serial and to make 
light emit The wire and wiring which connect the electrode of a top and the bottom are needed, and 
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since a wire and wiring pass in the clearance between adjoining bare chips, it becomes difficult to 
arrange a bare chip in high density. 

[0006] Moreover, when two or more semi-conductor light emitting devices like light emitting diode are 
made to arrange in the shape of an array and it constitutes a lighting system, using a constant 
current source as an object for the drive currents for driving light emitting diode is often performed. 
It is constituted so that it may generally drive by the constant current source, since dispersion tends 
to produce light emitting diode from dispersion on that manufacture in the forward voltage Vf about 
each light emitting diode and this makes dispersion in each light emitting diode control for this 
reason. 

[0007] However, in the case where much light emitting diodes are connected to juxtaposition, many 
currents flow to light emitting diode with low forward voltage Vf, and the problem that the problem 
that the life of the component which the current concentrated will become short occurs, or 
dispersion in luminescence brightness occurs arises. Although the brightness as the whole is also 
important for a lighting system, it is also required to suppress dispersion in the brightness in a 
luminescence side, and it is not easy to obtain ideal lighting. 

[0008] One of these is also carried out, and when there is at least one open circuit in two or more 
light emitting diodes by which series connection is carried out, the whole stops emitting light and it 
will become impossible moreover, to use as a lighting system, although it will become possible to 
absorb dispersion in the forward voltage Vf of light emitting diode if much light emitting diodes are 
connected to a serial. Moreover, when series connection of the light emitting diode is carried out and 
it constitutes a lighting system, the electrical potential difference of the drive also becomes high, and 
the problem that the burden of a power unit increases is also generated. 

[0009] Then, this invention aims at offer of the lighting system of the structure which can arrange a 
light emitting device to high density, and projection equipment in view of an above-mentioned 
technical technical problem. Moreover, this invention sets offer of the lighting system which performs 
luminescence which it was long lasting, was uniform and was stabilized, and projection equipment as 
other purposes. 
[0010] 

[Means for Solving the Problem] In order to solve an above-mentioned technical technical problem, 
the lighting system of this invention carries out the maximum dense array of the light emitting device 
of the shape of two or more cusp, and is characterized by coming to form a luminescence side. By 
carrying out the maximum dense array of the luminescence side which is the light-emitting part 
arranged in the shape of a field, the brightness per unit area can be made the highest and the 
connection to the electrode of the both sides by the side of n and p can be prepared in the side in 
which it exists for an acumination part [ a component ] by moreover using a cusp-like light emitting 
device, the side attachment wall over luminescence sides, such as a rectangular parallelepiped and 
tabular, — a luminescence side — receiving — abbreviation — when using a cusp-like light emitting 
device compared with the component structure which becomes perpendicular, wiring while using the 
tooth space as for which the perimeter for an acumination part was vacant is attained, and sufficient 
connection can be aimed at even if it carries out the maximum dense array. 

[0011] Other lighting systems of this invention make the light emitting device of the shape of two or 
more cusp arrange, form a luminescence side, and are characterized by forming the resistance 
section in a serial, respectively at said light emitting device. Since brightness can be made high and 
the resistance section is formed in each light emitting device at a serial, securing good wiring, even 
when dispersion is in the forward voltage Vf of each light emitting device according to such a lighting 
system, a problem on which it concentrates on a light emitting device with low forward voltage Vf, 
and a current flows is eased, and control of the reinforcement of a component or dispersion of 
brightness is also possible. 

[0012] the lighting system of further others of this invention — the light emitting device of the shape 
of two or more cusp — ** — while making it arrange densely, it is characterized by coming to form 
an optical-pumping fluorescent substance layer in the optical ejection side side. According to such a 
lighting system, the wavelength of the light which a light emitting device emits can be made to change 
and output by being able to make the brightness per unit area the highest securing good wiring, and 
arranging an optical-pumping fluorescent substance layer in an optical ejection side side. 
[0013] Moreover, the projection equipment of this invention carries out the maximum dense array of 
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the light emitting device dTthe shape of two or more cusp, and is characterized by having the 
transparency mold image display section arranged in the optical projection way of the lighting system 
which comes to form a luminescence side, and said lighting system. According to this projection 
equipment, securing good wiring, the brightness per unit area can be made the highest, and the high 
projection image of brightness can be displayed using the directive height of a light emitting device. 
[0014] 

[Embodiment of the Invention] Hereafter, the lighting system of this operation gestalt is explained, 
referring to a drawing. Drawing 1 is the top view expanding and showing some lighting systems of this 
operation gestalt, and drawing 2 is the fragmentary sectional view of the lighting system of drawing 1 . 
two or more light emitting diodes 1 1 in the form stuck in the lighting system of this operation gestalt 
on the support substrate 10 like a transparent glass substrate or a synthetic-resin substrate — the 
maximum — it is arranged so that it may become dense. One light emitting diode 1 1 consists of the 
crystal sections of an abbreviation hexagon-head drill configuration, and the part of an abbreviation 
hexagon-head drill configuration has the tapering acumination part 1 2. The light emitting diode 1 1 
which has the crystal section of such an abbreviation hexagon-head drill configuration If the 
compound semiconductor layer of a GaN system can constitute and an example of the manufacture 
approach is given For example, after forming a low-temperature buffer layer and a GaN lower growth 
phase on the silicon on sapphire which makes a substrate principal plane C side, Growth inhibition 
film, such as silicon oxide, is formed in the whole surface, and size (several microns thru/or dozens of 
microns) of opening is formed in the growth inhibition film, and it forms so that the crystal section of 
an abbreviation hexagon-head drill configuration may be made to project from this opening with the 
selective growth using the opening. At this time, it grows up as a facet toward which the Sth page 
({1-101} side) or {11-22} side inclined, for example as an inclined plane (facet) of the crystal section 
of an abbreviation hexagon-head drill configuration. A luminescence field can be formed in the 
inclined plane of the crystal section of an abbreviation hexagon-head drill configuration by forming a 
barrier layer in this Sth page etc. in the form inserted in the 1st conductivity-type semi-conductor 
layer and the 2nd conductivity-type semi-conductor layer. A barrier layer is for example, an InGaN 
layer here, the lower 1st conductivity-type semi-conductor layer is formed from the GaN layer of for 
example, a silicon dope, and the upper 1st conductivity-type semi-conductor layer is formed from the 
GaN layer of for example, a magnesium dope. 

[0015] The bottom surface part of the light emitting diode 11 of an abbreviation hexagon-head drill 
configuration has the configuration of an approximate regular hexagon with this operation gestalt, 
although considering as the shape of a rectangle is also possible, for this reason, the thing for which 
the adjoining train arranges a light emitting diode 1 1 in the shape of [ of half-pitch gap * *** ** ] a 
honeycomb — ** — the array of a dense component — possible — this ** — the brightness per 
unit area can be made the highest from a dense component array, each light emitting device — the 
maximum — as an example of the approach of making it arrange so that it may become dense, only 
the minimum margin distance each component is decided to be on a process is estranged and 
arranged. The minimum margin distance in this case is a distance decided by the precision of the 
alignment in an imprint process, the margin of the mask alignment in a photolithography process, etc., 
and there is an inclination which generally becomes short by improvement in a process technique. In 
addition, on these specifications, about the maximum dense array or the minimum margin, although it 
is desirable to consider as the distance as shortest margin on a process, it is the concept which had 
the width of face of a certain amount of fluctuation in the ideal shortest value, without being limited, 
and the distance near the minimum margin distance is also substantially included as a concept 
[0016] n lateral electrode and the p lateral electrode 13 are formed in the light emitting diode 11 of 
an abbreviation hexagon-head drill configuration. On the GaN layer of a magnesium dope, the p lateral 
electrode 13 vapor-deposits metallic materials, such as nickel/Pt/Au, or nickel(Pd) / Pt/Au, and is 
formed. The lower growth phase 14 which connects n lateral electrode to the GaN layer of a silicon 
dope functions as an n lateral electrode ejection field. The lower growth phase 14 is a semi- 
conductor layer used as a crystal kind at the time of selective growth, and since it is formed in the 
field larger than the base of an acumination part 1 2, it can aim at electric connection using the part 
which spread rather than the base of the acumination part 12. That is, in the lower growth phase 14, 
a part of wrap insulator layer 15 is removed in the front face, and the window part 16 for contact is 
formed. The wiring layer 1 7 is formed so that series connection may be carried out through a window 
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part 16. A wiring layer 1 Connects the p lateral electrode 13 of the light emitting diode 11 which 
ac|joins the lower growth phase 14 which is n lateral electrode ejection field through a window part 16. 
the light emitting diode 11 since the side in which this wiring layer 17 extends is a side to which the 
acumination part 12 is tapering off and only that part has only the space which takes about a wiring 
layer 17 in the perimeter of an acumination part 12 — ** — even when it is made to arrange densely, 
sufficient series connection can be planned. In addition, it is also possible to utilize the back tungsten 
film of selective growth as a part of takeoff connection of n lateral electrode in the case where the 
tungsten film is formed as growth inhibition film of selective growth. 

[0017] Drawin g 3 is the circuitry Fig. of the lighting system of this operation gestalt. Parallel 
connection of the train of two or more light emitting diodes 1 1 by which series connection is carried 
out is carried out and it consists of constant current sources 18 for a drive. Let several of the 
predetermined n be a number corresponding to the value into which parallel connection of the 
configuration with which only the number of predetermined in light emitting diode 1 1 (the inside of 
drawing, n pieces) was connected to the serial was carried out, and it divided rated voltage by the 
forward voltage Vf of the light emitting diode 1 1 concerned. That is, it is made to carry out parallel 
connection of what carried out the about 30-piece series connection when the supply voltage to the 
lighting system concerned was [ forward voltage Vf ] 3.4V in 100V (bolt), and supply voltage should 
just be made to carry out parallel connection of that which carried out the about 60-piece series 
connection when forward voltage Vf was 3.4V by 200V (bolt). 

[0018] Thus, even if it is the case where the forward voltage Vf of each light emitting diode 1 1 differs 
in carrying out series connection of two or more light emitting diodes 1 1 somewhat the current value 
which flows n pieces by which series connection is carried out will be equalized. Therefore, it will 
concentrate on the light emitting diode 1 1 which has the low forward voltage Vf, a current will flow, 
and the problem that a life becomes short as the result or a gap of brightness occurs will be 
prevented beforehand. Moreover, series connection of all is not carried out but parallel connection of 
two or more light emitting diodes 1 1 is carried out for every number of predetermined individuals. For 
this reason, since the light emitting diode of other trains by which parallel connection is carried out 
emits light even when it changes into the condition that one light emitting diode 1 1 becomes poor 
temporarily, and a current cannot be passed, a lighting function will not necessarily be lost as a 
whole. Moreover, the light emitting diode 11 of the optimal number which can drive the number n of 
the light emitting diode 1 1 by which series connection is carried out to rated voltage by considering 
as the number corresponding to the value which broke rated voltage by the forward voltage Vf of the 
light emitting diode 1 1 concerned will drive, and efficient lighting is realized. 
[0019] Here, if it explains referring to drawing 4 thru/or drawing 7 about the process of the light 
emitting device which has an acumination part as a growth substrate 20 used in the case of 
manufacture of a light emitting device, especially if the compound semiconductor layer of a wurtzite 
mold can be formed, it will not be limited, but various things can be used. If it illustrates, that it can 
use as a base Sapphire (aluminum 203, the Ath page, the Rth page, and C side are included.) SiC (6H, 
4H, and 3C are included.) It is the substrate which consists of GaN, Si, ZnS, ZnO, AIN, LiMgO, 
LiGa02, GaAs, MgAI 204, InAIGaN, etc., is the hexagonal system substrate or cubic system substrate 
which consists of these ingredients preferably, and is a hexagonal system substrate more preferably. 
For example, in the case where silicon on sapphire is used, when growing up the ingredient of a 
gallium nitride (GaN) system compound semiconductor, the silicon on sapphire which made the 
principal plane C side used can be used. [ many ] C side as a substrate principal plane in this case 
includes field bearing to which it inclined 5 thru/or in 6 times. It is also possible to use the silicon 
substrate currently widely used for manufacture of a semiconductor device. 
[0020] On the growth substrate 20 for carrying out selective growth, in order to acquire good 
crystallinity at the time of selection, a buffer layer etc. may be formed. Moreover, as shown in 
drawing 4 , on the growth substrate 20, the lower growth phase 21 of selective growth is formed. 
Since a compound semiconductor layer can be chosen and facet structure is formed at a next 
process as a lower growth phase 21, it is desirable to choose the compound semiconductor of a 
wurtzite mold. The nitride semi-conductor which furthermore has the crystal structure of a wurtzite 
mold as a compound semiconductor layer, a BeMgZnCdS system compound semiconductor, a 
BeMgZnCdO system compound semiconductor, etc. are desirable. As a crystal layer which consists 
of a nitride semi-conductor, an III group system compound semiconductor can be used, for example, 
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a gallium nitride (GaN) syrom compound semiconductor, an alumimium nitride (AIN) system 
compound semiconductor, an indium nitride (InN) system compound semiconductor, an indium nitride 
gallium (InGaN) system compound semiconductor, and an alumimium nitride gallium (AIGaN) system 
compound semiconductor can be formed further preferably, and especially a gallium nitride system 
compound semiconductor is desirable. As an example, on silicon on sapphire, the GaN layer of 
undoping may be formed and the GaN layer of Si dope may be formed after that. In addition, in this 
invention, even if InGaN, AIGaN, GaN, etc. contain aluminum of the minute amount in the range to 
which only mixed crystal does not point out the nitride semi-conductor [ of 2 yuan ] of only mixed 
crystal of 3 yuan, for example, an operation of InGaN is not not necessarily changed by InGaN, and 
other impurities, it cannot be overemphasized that it is the range of this invention. Moreover, an 
equivalent field includes substantially field bearing to which it inclined 5 thru/or in 6 times to the Sth 
page in the Sth page, this detail in the letter and a nitride may make B, aluminum, Ga, In, and Ta an III 
group, and may point out the compound which contains N in V group here, and 1x1 020cm mixing of 
less than 1% of the whole and 3 or less impurity may be included 

[0021] As the growth approach of this lower growth phase 21, various vapor growth can be 
mentioned, for example, vapor growth, such as organometallic compound vapor growth (MOCVD 
(MOVPE) law) and a molecular beam epitaxy method (MBE law), and hydride vapor growth (HVPE law) 
can be used. According to the MOVPE method, a crystalline good thing is quickly obtained also in it. 
As the Ga source, as TMG (trimethylgallium), TEG (triethylgallium), and the aluminum source, many 
alkyl metallic compounds, such as TMI (trimethylindium) and TEI (triethylindium), are used, and gas, 
such as ammonia and a hydrazine, is used as a nitrogen source as TMA (trimethylaluminum), TEA 
(triethylaluminum), and the In source by the MOVPE method, moreover — if it is Si as the impurity 
source, it is silane gas and ger«manium and it is germane gas and Mg — Cp2 — if it is Mg (magnesium 
cyclopentadienyl) and Zn, gas, such as DEZ (diethyl zinc), will be used. By the MOVPE method, 
epitaxial growth of the InAIGaN system compound semiconductor can be carried out by supplying 
these gas to the front face of the substrate heated for example, more than 600-degreeC, and 
decomposing gas. 

[0022] The selection mask 22 which has the opening 23 which carried out opening to the hexagon is 
formed in the front face of the lower growth phase 21 of crystal growth, and as shown in drawing 5 , 
the semi-conductor layer 24 is formed of the selective growth from the opening 23 which carried out 
opening to the shape of the hexagon. The mask ingredient which the selection mask 22 is growth 
inhibition film formed on the layer of the buffer layer formed on direct or a base on the base principal 
plane and others, for example, consists of insulator layers, such as silicon oxide film and a silicon 
nitride film, is used. Although the configuration of this mask is made into the shape of a hexagon as 
an example, they may be polygon configurations, such as the shape of the shape of band-like, a circle 
configuration, circular, or a triangle, and a pentagon. Moreover, in the case where the tungsten film is 
formed as growth inhibition film of selective growth, it also becomes possible to utilize the back 
tungsten film of selective growth as a part of takeoff connection of n lateral electrode. 
[0023] In the place in which the mask 22 grade of such selective growth was formed, the semi- 
conductor layer 24 is formed with alternative crystal growth. Crystal growth can be performed by the 
same approach as the approach for formation of the above-mentioned compound semiconductor 
layer. As the growth approach, various vapor growth can be mentioned, for example, specifically, 
vapor growth, such as organometallic compound vapor growth (MOCVD (MOVPE) law) and a 
molecular beam epitaxy method (MBE law), and hydride vapor growth (HVPE law) can be used. 
[0024] In the manufacture approach of the light emitting device concerned, as for the crystal face 
where the semi-conductor layer 24 inclined although the semi-conductor layer 24 was formed of 
selective growth, it is desirable that it is the desirable field substantially chosen from equivalent fields 
to {1-101} side, {1 1-22} sides, or each of these fields, and it is the crystal face which appears by 
carrying out selective growth on condition that necessary. The growth phase surrounded by the 
crystal face which these-inclined is made into the shape of a pyramid of a hexagon-head drill 
configuration, and is the cusp configuration of a cross-section abbreviation trigonum. As this sloping 
crystal face, an equivalent field can be substantially formed in an equivalent field, {1 1-22} side, or {1 1- 
22} side easily by making the principal plane of a substrate into C+ side, for example at the Sth page 
or the Sth page. That is, in the case where selective growth is performed, as an inclined plane which 
inclined to the substrate principal plane, the Sth page and {1 1-22} side are stable fields seen when 
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selective growth is carrierout on C+ side, and are a field which is comparatively easy to acquire. As 
C+ side and C-side exist in C side, although S+ side and S-side exist about the Sth page, when not 
refusing especially in this specification, S+ side is grown up on the C+ side GaN, and this is explained 
as Sth page. In addition, about the Sth page, S+ side is a stable field. Moreover, the indices of crystal 
plane of C+ side are (0001). 

[0025] When [ this ] the Sth page is attached and a crystal layer is constituted using a gallium nitride 
system compound semiconductor, the Bond number from Ga to N increases in the degree of 2 or 3, 
and C-side on the Sth page. Since C-side cannot be acquired as a matter of fact on C+ side here, 
the Bond number in the Sth page will become [ most ]. For example, although the front face of the 
nitride of a wurtzite mold generally turns into C+ side when a nitride is grown up to be silicon on 
sapphire which has C+ side in a principal plane By using selective growth, it will be stabilized, the Sth 
page can be formed, and it will join together in at least one or more pounds at the Sth page to which 
the bond with the inclination from which it is easy to be desorbed in respect of being parallel to C+ 
side of N inclined from Ga to having joined together with one bond. Therefore, it is V/III effectually. A 
ratio will go up and it is advantageous to the crystalline improvement in a laminated structure. 
Moreover, if it grows up to be different bearing from a substrate, since the rearrangement extended 
upwards from the substrate will bend, it becomes advantageous also to reduction of a defect 
[0026] As shown in drawin g 6 , the laminating of the 1st conductivity-type cladding layer 25, the 1st 
barrier layer 26, and the 2nd conductivity-type cladding layer 27 is carried out to such a semi- 
conductor layer 24 on an inclined plane. If the facet structure this invention persons grew up to be in 
the experiment which followed the nitride semi-conductor using cathode luminescence is observed, 
the crystal of the Sth page which is an inclined plane is good, and it is shown that luminous efficiency 
is high as compared with C+ side. Especially growth temperature of an InGaN barrier layer is set for 
example, to 700-800-degreeC. At this temperature, the decomposition effectiveness of ammonia is 
low and N kind is needed more. Moreover, when the front face was seen by AFM, the field where 
steps were together suitable for InGaN incorporation was observed. Although the growth front face of 
Mg dope layer moreover has a still worse surface state in AFM level generally, it turns out that it 
grows up by the surface state also with this sufficient Mg dope layer with growth of the Sth page, and 
doping conditions moreover differ considerably. Moreover, it is C+, although it can measure with the 
resolution of about 0.5 - 1 micrometer if micro photoluminescence mapping is performed. By the 
usual method of having grown up on the field, the unevenness of 1 -micrometer pitch extent existed 
and the uniform result was obtained about the sample which obtained the Sth page with selective 
growth. Moreover, the surface smoothness of the slant face seen by SEM is also C+. It changes more 
smoothly than a field. 

[0027] In the 1st conductivity-type cladding layer 25 by which a laminating is carried out on an 
inclined plane, the 1st barrier layer 26, and the 2nd conductivity-type cladding layer 27, the 1st 
conductivity type is p mold or an n mold, and the 2nd conductivity type is the opposite conductivity 
type. For example, in the case where the gallium nitride system compound semiconductor layer of a 
silicon dope constitutes the crystal layer which constitutes the Sth page, the gallium nitride system 
compound semiconductor layer of a silicon dope constitutes n mold cladding layer 25, an InGaN layer 
is formed as a barrier layer 26 on it further, on it the gallium nitride system compound 
semiconductor layer of a magnesium dope can be formed as a p mold cladding layer 27, and double 
hetero structure can be formed. 

[0028] In addition, it is also possible to consider as the structure which is the 1st barrier layer 26 and 
whose InGaN layer is pinched in an AIGaN layer, for example, or the structure which forms an AIGaN 
layer only in one side. Moreover, the 1st barrier layer 26 may form quantum well structures, such as 
single quantum well (SQW) structure, duplex quantum well (DQW) structure, and multiplex quantum 
well (MQW) structure, although constituting from a single bulk barrier layer is also possible. A barrier 
layer is used together by quantum well structure if needed for separation of a quantum well. 
Especially when a barrier layer 26 is used as an InGaN layer, it becomes the structure which a 
production process top also tends to manufacture, and the luminescence property of a component 
can be improved. That it is easy to crystallize, moreover, crystallinity also becomes good and, 
furthermore, this InGaN layer can raise luminous efficiency especially by the growth on the Sth page 
which is the structures from which a nitrogen atom cannot be desorbed easily. In addition, although a 
nitride semi-conductor has the property in which a non dope also serves as n mold for the nitrogen 
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hole made during a cryst^Jonor impurities, such as Si, germanium, and Se, can usually be used as n 
mold with desirable carrier concentration with doping in crystal growth, moreover, in order to use a 
nitride semi-conductor as p mold, it be obtain by dope acceptor impurity, such as Mg, Zn, C, Be, 
calcium, and Ba, during a crystal, but in order to obtain p layers of high carrier concentration, after 
the dope of acceptor impurity, it be desirable to perform annealing above 400 degrees C in inert gas 
ambient atmospheres, such as nitrogen and an argon, the approach activate by electron beam 
irradiation etc. also have it, and the approach activate by a microwave exposure, optical exposure, 
etc. also have it. 

[0029] An electrode is connected to the 1st conductivity-type cladding layer 25 and the 2nd 
conductivity-type cladding layer 27 which sandwich the 1st barrier layer 26 directly or indirectly. 
Although each electrode is formed for every component, it can also communalize either p electrode 
or n electrode with two or more components. In order to lower contact resistance, a necessary 
contact layer may be formed and an electrode may be formed on a contact layer after that 
Generally, although each electrode puts a multilayer metal membrane by vacuum evaporationo etc. 
and is formed, in order to classify for every component, it can use photolithography and it can carry 
out micro processing by lift off etc. Each electrode can also be formed in one field of a selection 
crystal growth layer or a substrate, forms an electrode in both sides, is more high-density and can 
wire an electrode. Moreover, although micro processing of the electrode driven independently may be 
carried out respectively and it may form the same ingredient, it is also possible to use the electrode 
material of a different ingredient for every field. Moreover, since it connects with the lower semi- 
conductor layer 21 electrically, the 1st conductivity-type cladding layer 25 may form n lateral 
electrode in the form connected to this lower semi-conductor layer 21. Since especially the lower 
semi-conductor layer 21 is used also as a lamination side, it can arrange an electrode in an adhesion 
side, or gives conductivity to a glue line, and can use it as some n lateral electrodes. 
[0030] Moreover, by the semi-conductor light emitting device of this invention, it can also consider 
as the structure which forms an electrode only in the good part of the crystal structure alternatively 
especially. For example, when there is a field in which the step of a crystal is not equal to the crystal 
face, the field top which has not had complete set of of the step can be removed, and an electrode 
can be formed. Existence of the field which has not had complete set of step of such a crystal can 
be grasped by the observation which used AFM, a rule of thumb, etc., and can form the electrode of 
the structure which removed the part on a ridgeline, the field near an edge, etc. as an example. 
[0031] Next, as shown in drawing 7 , exfoliation of the growth substrate 20 is performed. Although it 
is also possible to remove the growth substrate 20 by etching, polish, etc., by the case where the 
growth substrate 20 is made into transparent silicon on sapphire, laser ablation occurs between the 
growth substrate 20 and the lower semi-conductor layer 21 on it by irradiating the beam of the laser 
of the ultraviolet-rays region from the rear face of the growth substrate 20, for example, an excimer 
laser, and an YAG laser. This laser ablation is the technique of irradiating the beam of the range of 
ultraviolet rays, generating the nitrogen of the GaN(s) which are the ingredients of the lower semi- 
conductor layer 21 from the light absorption energy of a beam in the interface between the growth 
substrate 20 and the lower semi-conductor layer 21, and separating the growth substrate 20 and the 
lower semi-conductor layer 21. In the case where the growth substrate 20 is made into silicon on 
sapphire, silicon on sapphire can be penetrated, beams, such as an excimer laser, can be irradiated, 
and the growth substrate 20 and the lower semi-conductor layer 21 can be separated easily. 
According to separation of the growth substrate 20, a light emitting device serves as structure for 
every component as shown in drawing 8 , and the base 28 of the lower semi-conductor layer 21 
exposes it 

[0032] After separation of the growth substrate 20, as the light emitting device 30 separated 
separately shows drawing 9 , it is stuck on the support substrate 29. For example, an imprint 
technique can perform this lamination, and, as for each light emitting device 30, the pars basilaris 
ossis occipitalis of the lower semi-conductor layer 21 is stuck on the front face of the support 
substrate 29. Then, the oxide film used as formation and the interlayer insulation film of p lateral 
electrode which consists of a metal thin film is formed, a window part is formed in some oxide films 
on the lower semi-conductor layer 21, a contact hole is formed, and series connection is performed 
by connecting using a necessary wiring layer between the components which acjjoin the lower semi- 
conductor layer 21 faced at the pars basilaris ossis occipitalis of the contact hole in p lateral 
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electrode. That is, the series connection of light emitting diode is formed by repeating connecting 
with the lower semi-conductor layer 21 of one component electrically p lateral electrode of the 
component which acjjoins this, and performing it 

[0033] Next, the operation gestalt of other lighting systems of this invention is explained, referring to 
drawing 10 and drawing 1 1 . The lighting system of this operation gestalt is an example in which the 
cusp-like light emitting diode 41 is arranged in the shape of a matrix, and the resistance section 43 is 
connected to each light emitting diode 41 at a serial. 

[0034] Light emitting diode 41 has the acumination part 48 of the tapering configuration of an 
abbreviation hexagon-head drill configuration, and the hexagon-head plate-like lower growth phase 49 
is formed in the pars basilaris ossis occipitalis. The light emitting diode 41 which has the crystal 
section of such an abbreviation hexagon-head drill configuration If the compound semiconductor 
layer of a GaN system can constitute like the above-mentioned light emitting diode 1 1 and an 
example of the manufacture approach is given For example, after forming a low^temperature buffer 
layer and the lower growth phase 49 on the silicon on sapphire which makes a substrate principal 
plane C side, Growth inhibition film, such as silicon oxide, is formed in the whole surface, and size 
(several microns thru/or dozens of microns) of opening is formed in the growth inhibition film, and it 
forms so that the crystal section of an abbreviation hexagon-head drill configuration may be made to 
project from this opening with the selective growth using the opening. At this time, it grows up as a 
facet toward which the Sth page ({1-101} side) or {1 1-22} side inclined, for example as an inclined 
plane (facet) of the crystal section of an abbreviation hexagon-head drill configuration. A 
luminescence field can be formed in the inclined plane of the crystal section of an abbreviation 
hexagon-head drill configuration by forming a barrier layer in this Sth page etc. in the form inserted in 
the 1st conductivity-type semi-conductor layer and the 2nd conductivity-type semi-conductor layer. 
A barrier layer is for example, an InGaN layer here, the lower 1st conductivity-type semi-conductor 
layer is formed from the GaN layer of for example, a silicon dope, and the upper 1st conductivity- 
type semi-conductor layer is formed from the GaN layer of for example, a magnesium dope. The 
bottom surface part of the light emitting diode 41 of an abbreviation hexagon-head drill configuration 
has the configuration of an approximate regular hexagon with this operation gestalt, although 
considering as the shape of a rectangle is also possible. In addition, although it considers as the 
structure where light emitting diode 41 is stuck on the support substrate 44 where the lower growth 
phase 49 is formed, with this operation gestalt, this operation gestalt may have the structure stuck 
on a support substrate in the condition that there is no lower growth phase 49. 
[0035] As shown in drawing 10 R> 0, the spiral-like resistance section 43 is connected to such light 
emitting diode 41. The spiral-like resistance section 43 is high resistance wiring extended by turning 
around light emitting diode 41, for example, is formed of the layer which introduced a metal thin film, 
the polycrystal semi-conductor layer of low high impurity concentration, carbon black, etc. The 
spiral-like resistance section 43 functions as resistance from the configuration, and connects the end 
by the side of the core of the spiral-like resistance section 43 to the lower growth phase 49 by the 
side of the pars basilaris ossis occipitalis of light emitting diode 41. Although the perimeter of light 
emitting diode 41 is gone around about a little more than 2 rounds and it connects with a grounding 
conductor 42 with this operation gestalt, the thing of illustration may not pass over a configuration, a 
pattern, etc. of the resistance section 43 to an example, but other patterns etc. may be used for the 
resistance section 43. Moreover, in this operation gestalt, a grounding conductor may be 
communalized in the ac|joining train. In addition, the resistance section can also be formed in the p 
side of light emitting diode although the side which forms the resistance section is made into the n 
side with this operation gestalt. 

[0036] The p lateral electrode 45 of light emitting diode 41 is formed in the acumination part of light 
emitting diode 41, respectively, as shown in drawing 1 1 , p lateral electrodes 45 each contact the 
common electrode 46 formed in the base side of the opposite substrate 47 in the top-most-vertices 
section, and the flow is achieved. 

[0037] Drawing 1 2 is the circuitry Fig. of the lighting system of this operation gestalt It is constituted 
by the constant current source 50 so that the group of light emitting diode 41 and the resistance 
section 43 may connect with juxtaposition. A problem on which series connection of the resistance 
will be carried out to light emitting diode 41, a circuit will consist of this circuitry, for example, the 
current which flowed that light emitting diode 41 that got worse even if it was a case so that one 
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light emitting diode 41 rria^become poor and may short-circuit will flow, concentrates the resistance 
section 43 certainly on one of the light emitting diodes by which parallel connection was carried out, 
and a current flows is prevented beforehand. Moreover, since resistance goes into each light emitting 
diode at a serial even when the forward voltage Vf of light emitting diode 41 varies, a problem on 
which it concentrates on a component with low forward voltage, and a current flows will also be 
controlled. 

[0038] Drawing 13 is the typical side elevation showing an example of the lighting system of further 
others. The maximum dense array of the light emitting diode 61 is carried out at the front-face side 
of the support substrate 62 of light transmission nature, and while the fluorescent substance layer 63 
is formed in the base side of the support substrate 62, a protective coat 64 is formed so that the 
fluorescent substance layer 63 may be covered. Light emitting diode 61 is the cusp-like like the 
above-mentioned light emitting diodes 1 1 and 41. In this lighting system, the brightness per unit area 
can be made the highest, securing good wiring from the maximum dense array of two or more light 
emitting diodes 61 being carried out at the front-face side. The light injected from light emitting diode 
61 penetrates the support substrate 62 of light transmission nature, and reaches the fluorescent 
substance layer 63. In this fluorescent substance layer 63, it is excited by the light from light emitting 
diode 61, and light is again emitted from the fluorescent substance layer 63. The light emitted from 
the fluorescent substance layer 63 at this time can take out the light of the wavelength of arbitration, 
without being caught by coloring of light emitting diode because it is changed and outputted and 
predetermined chooses the wavelength of the light which light emitting diode 61 emits as a 
fluorescent substance priest 63. 

[0039] The fluorescence layer which uses the light emitting diode of blue luminescence as a light 
emitting device, is excited by blue glow as an optical-pumping fluorescent substance layer as an 
example of the lighting system using such a fluorescent substance layer, and enables yellow 
luminescence can be formed. Moreover, the fluorescence layer which can also use the light emitting 
diode of purple luminescence, is excited with purple light as said optical-pumping fluorescent 
substance layer as a light emitting device, and enables white luminescence can be formed. White 
luminescence can be made by mixing red and a blue and green fluorescent substance, and 
constituting, mixing the fluorescent substance of blue and yellow, or mixing the fluorescent substance 
of red and a cyanogen color. 

[0040] Drawing 14 is the mimetic diagram of projection equipment the projection equipment of this 
operation gestalt — the light emitting diode of the shape of cusp like the above-mentioned — two or 
more — ** — it consists of a lighting system 71 made to arrange densely and a liquid crystal display 
72 of the transparency mold arranged in the optical ejection side. A lighting system 71 can secure 
good wiring from each light emitting diode being the cuspHike, and can make the brightness per unit 
area the highest A liquid crystal display 72 is the transparency mold image display section arranged 
in the optical projection way of a lighting system, and controls the light which penetrates by 
performing the display which received the necessary picture signal and reflected this picture signal. 
According to this projection equipment, the high projection image of brightness can be displayed 
using the directive height of light emitting diode. Moreover, since the angle of beam spread is narrow, 
the louver etc. is unnecessary, and since a field emits light, it excels also in portability. Moreover, 
since a color separation die clo MIKKU filter is also unnecessary, the further miniaturization is also 
realizable. 

[0041] In addition, in an above-mentioned operation gestalt although light emitting diode was mainly 
explained as a light emitting device, a light emitting device may be semiconductor laser. Moreover, 
although the thing of a 6 pyramid configuration was mainly illustrated about the configuration of light 
emitting diode in the above-mentioned operation gestalt, other configurations, for example, a cross 
section, may be configurations of the shape of a trigonum or a stripe of trapezoidal shape, and it is 
also possible to put the light emitting diode of these complex patterns in order. Moreover, although 
size of the light emitting diode arranged is made into abbreviation identitas with this operation gestalt 
it is also possible to be able to combine the light emitting device of different size, height, and a 
configuration, and to constitute a lighting system combining light emitting diode and semiconductor 
laser on the same support substrate. 
[0042] 

[Effect of the Invention] As mentioned above, according to the lighting system of this invention, by 
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carrying out the maximum dense array of the luminescence side which is the light-emitting part 
arranged in the shape of a field, the brightness per unit area can be made the highest and the 
connection to the electrode of the both sides by the side of n and p can be prepared in the side in 
which it exists for an acumination part [ a component ] by moreover using a cusp-like light emitting 
device, the side attachment wall over luminescence sides, such as a rectangular parallelepiped and 
tabular, — a luminescence side — receiving — abbreviation — when using a cusp-like light emitting 
device compared with the component structure which becomes perpendicular, wiring while using the 
tooth space as for which the perimeter for an acumination part was vacant is attained, and sufficient 
connection can be aimed at even if it carries out the maximum dense array. 
[0043] Moreover, with the projection equipment of this invention, since light emitting diode is used, 
the high projection image of brightness can be displayed. Moreover, compared with what makes a 
lamp etc. the light source, it excels in portability. Since the angle of beam spread is still narrower, a 
louver is unnecessary and a color separation die clo MIKKU filter etc. has it [ still more 
unnecessary ] For this reason, the further miniaturization can be attained. 



[Translation done.] 
* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the top view of the important section of 1 operation gestalt of the lighting system of 
this invention. 

[Drawing 2] It is the sectional side elevation of the important section of 1 operation gestalt of the 
lighting system of this invention. 

[Drawing 3] It is the circuit diagram of 1 operation gestalt of the lighting system of this invention. 
[Drawing 4] It is a process sectional view for explaining the manufacture approach of the light 
emitting diode used for 1 operation gestalt of the lighting system of this invention in order of a 
process, and is a process sectional view to the process in which the lower growth phase was formed. 
[Drawing 5] It is a process sectional view for explaining the manufacture approach of the light 
emitting diode used for 1 operation gestalt of the lighting system of this invention in order of a 
process, and is a process sectional view to a selective growth process. 
[Drawing 6] It is a process sectional view for explaining the manufacture approach of the light 
emitting diode used for 1 operation gestalt of the lighting system of this invention in order of a 
process, and is a process sectional view to a clad stratification process. 
[Drawing 7] It is a process sectional view for explaining the manufacture approach of the light 
emitting diode used for 1 operation gestalt of the lighting system of this invention in order of a 
process, and is a process sectional view to a laser ablation process. 

[Drawing 8] It is drawing showing the structure of the light emitting diode obtained by the laser 
ablation of drawing 7 , and (a) is the sectional view of light emitting diode, and (b) is the top view of 
light emitting diode. 

[Drawin g 9] It is a process sectional view for explaining the manufacture approach of 1 operation 
gestalt of the lighting system of this invention, and they are lamination and a process sectional view 
at the time about light emitting diode. 

[Drawing 10] It is the top view of the important section of other 1 operation gestalten of the lighting 
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system of this invention.^^ 

[Drawing 11] It is the sectional side elevation of the important section of other 1 operation gestalten 
of the lighting system of this invention. 

[Drawing 12] It is the circuit diagram of other 1 operation gestalten of the lighting system of this 
invention. 

[Drawing 1 3] It is the sectional side elevation of the important section of 1 operation gestalt of 
further others of the lighting system of this invention. 

[Drawing 14] It is the mimetic diagram of 1 operation gestalt of the projection equipment of this 
invention. 

[Description of Notations] 

1 1 Light Emitting Diode 

1 2 Acumination Part 

13 P Lateral Electrode 

1 4 Lower Growth Phase 

15 Insulator Layer 

16 Window Part 

1 7 Wiring Layer 

20 Growth Substrate 

21 Lower Growth Phase 

22 Selection Mask 

23 Opening 

24 Semi-conductor Layer 

25 Cladding Layer 

26 Barrier Layer 

27 Cladding Layer 

29 Support Substrate 

30 Light Emitting Diode 
41 Light Emitting Diode 

43 Resistance Section 

44 Support Substrate 

45 P Lateral Electrode 

46 Common Electrode 

47 Opposite Substrate 

50 Constant Current Source 

61 Light Emitting Diode 

62 Support Substrate 

63 Fluorescent Substance Layer 

64 Protective Coat 

71 Lighting System 

72 Liquid Crystal Display 
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ft 4*©#&:ftffi{c*f-f *{Rtt*s&£ISCc M h T BSSiS4 ft 
S^^titKit^T, 3WK©«** : P*ffli,»*it^. 30 

^^©j9H©£t>fc*^-***dfflofc#&©ta» 

[ooin ^^©^©jiWJistt. aafeosfeBHR© 
ttzti^timttci&vimwj&z ns c t zmmtir 
whmmzn<Tzz so. 

fi6.Sl5^ii^C^3tiSC4^6 > SftjfeJRf-OHttr 
fiSKvfK:tf6ot#&s»£-cfc > Jft&ffl«Evf©& 40 

ft. tt®§mMt+m&Mih^*<MMt>*JltKib 

So 

[0012] *?^©3&<Ctt©Jg(9ig8». Mfc©& 

mtt<D&itmi-zm®icwim$-ezt&tc> -?-©#&*) 
HiL®fflijK:*|()^^ji^ fi so-r^SC4^^S44 
fS. C©«fc5a:J«iW«B{cJ:titf. £$7tt£«l&Kft 
0«C*i6>#fi[®S^/c«5©ilfS=feftfejS<-rSC4*J-C 

Cite J: 9. »^^3WSJcar**©«S«r8»lvra 50 
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^SttSC4^-C#S. 

[ooi3]*fc. *mwommmt. mm>$mw. 

gg4. B«IEMBJgg©*SSjS8icBHI§:?4aSMjiaMil 
ffeft^*#f*C4*#«fc4-fS. C©ftB8HK«fc 

&w&Eit&*tefij l e ^{4ffi«^/c o ©git 
mo. ^^©fiisjtt© 

r*s. 

[0 0 14] 

[»W©H*©0»] fcCF, Hffl*#JRl0ft#6» #11 

*Bi$«©iRi«saiKoi>Tgttwrs. 
©iaw§a©-»*Jifc^LT^T¥iBia-c*»). 02 « 

01©MBJgg©gp^KBBar*So $H«6^SS©J1BJ1 

S«l 0±{£jU;D£fc£ftS^Mfc©#S:£^*-- F 
l i*M4&S<fc5K:ie?iJ;*ftTt,>So 
>(*-Fl l«BSAftaUK«©Jg^a5^6)5:0. BgA£ 
ll«tt©»»tt5lB«0©*BBIJl 2**LTl»S. C© 
J:^^BSAftitff^©ig c lgP ; S:W-rS^y'f^- F 1 
1«> GaN^©{t^*^i*)i(Cj:-,T^-rSC4 
*J"C*. *©«fi*ffi©-«**lfti«, t?J^«8«± 
ffi£cffi4 T S"? 7 r >f 7a*Lhfcffifi'< 7 r H 4 G 

4*©fisspi#jgi*0fijc u . *<Df&smmmc#. s * p > 
7Jm»+5*p>©^x©hp»&ji&su «©eap 

»*ffll^WW^{cJ:-j-c«Aftll»tt©*Sli»%«[ 
ii^«©feaa5©MMii (7 7 t^)iua. fci 

AtfSffi ( {1-10 1}®) SL<» {1 1-2 2} 

m&m\istc7yk-j btbxm&r s. c©s®i?cc 

r£14Ji£!S 1 ^^^(*H4^2^S^i*g-e» 
tf^TJKRR-rS C 4 -C^M^*BSAftiUf^©iK H B B g|J 
©<i*4iB«:^r* So c cxamumm I n G a 

nji-c& •) . rfiij©^ i m?m¥mfrm\tmz.tfzs y ^ 

>F-7-©GaN1^6^3n> ±iJ©^l«*M¥ 
2gftJltt0l|;U*-? if%is<J& F — 7*©G a NH*> 6f$)$ 

sns. 

[0015] RAftWHX©»t y-r*- f i i ©jgffi 

mt> *60tt4-rSC4tpJt6r*S^ > ^HMm^tt-C 
«B!iEAft0©^«rWUrt>S. COtctbmtZJ* 

- f 1 1 *w&thWfi*\zv ?-rtitcmf8.<D"-ts& 

^(CiB?iJt-SC4-C > m^^©ffi^Dj^T«)«5. 
<TSC4^r$S„ ^^^-*^4^S«fc5(Cg2 

3nj$-ifs^ffi©-^4br«. SjR^jWHjSiftj&en 
ss/j^-^>i®ai/c^aiifflsn-ciB>?>j$ns. c©ia 
^©®/jNv-i/>iEai4w > rasiefcfcttatfcB^to 

•tf©ffiS^ 7* h ■;v^77^Ig{cte^Svxi'^ 
to#©v-s>>a:£KJ:- 5 Ti*»6tiSBHII , r**j. - 



*gK©3tt&©«* t> o •? . -? 

[0016] WAa«ligK©|6#*4 *- F 1 1 fctt. 

nflnw^pflnnii 3#>0iAdti&. pwmsi3« 

vn^^AF-^GaNIitCN i/P t/Aul 
fcttNi (Pd) /Pt/Aufc£©^ttW*JIMIO 10 
TJfMSftS. nffltj*&tt^l/ s> F-7*©Ga NVCC 

TS5J&BJI 1 4 USftl$ftll$©*gjMi i 

zm. *> wmm 1 5 ©-awi** $ n-c 3 > * * h /b©& 

7#«tt3tiri>*. ffigUgl 7tt£8|Sl 20 
6 5r/M, T n ffliJm^BX 9 tJH bM^-C* STSP^H 1 4 

noitt-»ti»*«"r*o. *©^w^BiaiJi 2©ja 

HKBKJH1 7*5l*0ryew©Siai3&J*4{:i*6. 
»##>f F 1 1 *i«KEMS-&fc»£Tfc+*Ki 
i!0>J3$tt*ia*CiJ&JT*S. ftJB. jIJRl&fi©)&B|Sa 

fi©»* > r n HKS©JR Hi Og|5(D-g|5i 

[ 0 0 1 7 3 a 3 \z*wmm<Dwm%m.<DWi&mm 

<B9tiLt/4*- F 1 1 ©9J#^JSH*3ft"OfilS3fvC 
US. »fc*-f *- F 1 1 J*3fJg©» (0*. nfl) /c 

"asatc^-r-sfltt&mEjw 1 0 0 v f) -oe^iS] 

HEVf#3. 4V©Ji^« < jjs^ 3 OjiiS^JS^L/'ci 
©£M?iJ&$TSJ:5K:U tft£mE#2 0 OV 40 
h) rii^lSjSEVf 3&J3. 4V©t§£{J > ift6 0{IB 

COO 1 8] c©«fcS £*»©»##-**- Kl 1*S! 

?>J««r&c4r» «<r©«fey-f*-pi i©Jt#ifij 

i nc«*uT^*%n^©^iur0^*i^< u 
3ti$C£(cfc*. *fc. «©«ey-f*-Fi It* 50 
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«rn. *fc. jtWaNHStiSjat^^-Fl l©ffl» 
n*. £l&«EE*3Klfc3fc#4*-Fl KDmftMK 
V f t?«ofc««:*tJ6Lfc»i-rsc tr. SEftWEfc 
»LTKI6r*SW»©JB6#4:i--Fl 1#SP»3 

n*cttctt»). «*©mt>j(8iji*qi«s*i*. 

[0019] cc-c, £j9IflPfc*?*JfcXX?©H£K: 
WtH47iSH7*#J10&#61WrrSA. 2fc£5£ 
iF©«Jfi©BKCffl(r>6ti*ia5fi«S2 0 £ LTU, >JA 
^«3[©ft^«!*3IW*Ji*»SSO»« fc©-c*n«#cc 
R&esn-f. «*©i©*ttRTC**. «*T«4, * 
f*£t/OBi,»ac£a»TS*©fcJ:. 1f7yWT(Al 2 
O a , Affl. Rffi. Cffi*£tf. ) . S i C (6H. 4 
H. 3C£^t?„ ) . GaN, S i, ZnS, ZnO. 
A 1 N. LiMgO, LiGa0 2 , Ga A s, MgA 

U 0 4 . I n A 1 GaNft£*>6&-5S«&<!rea 

<o , l < »cn6©M^6^^/N^ B B B sag3;/c 

i*4*S»S«t?* 0 . «fc 0 » * L < tiA*fi«S«T 

^/y oi* (GaN) mt£®*m#®mizm& zvz 

©Cfflti, 57iS6a©BH , r«l»fcffi&fi[%$tffe© 
r*6„ ^W*iBS©ilJiK:i£<ttm3tiTi>*s/y3 

[0 020] jKRRRS*3«Sft:a&©B8^*2 0±K 

«BrtLT*Jfclr». */c> H4«:^-rJ: i 5«:^SS«2 
0±(CttStlMS©TaJ^SIi2 l*s«fiSSti4. TSC 

RSgJi2 libra, ^«M^Pfl«*aHR-r*ci*« 

;U7«SL©fb^«MlMii**afcCt*«»*Hr>. 3 
fb^«MNMMI& LTtt^JU^tffl©tSftBWi*Wr * 
»b«¥»#. BeMgZnCd S^b^^Sft. *$ 
JcO'BeMgZnCd omt&®¥m#tj: ZfiWt b 
»b«3aMW»6&*tt»Ji&t/T«. m«i i 

^A(GaN) mt£®*m&> B{briUS--5A 
(A l N) mft£©¥iSf*. «t-f>^A (InN) 
JMb^**»». mt<OWJ*tlVVA ( I n G a 
N) ^b^^«ft> »bTiU3-->A^y>A (A l 

GaN) mt&yim&wzmt i> < ivmrzctifi-c 

il/m •9-7r-fTS«±«:T>F-7*©GaNl?r 
J^fiXU. -e©^rS i F-7*©GaNJI£Jf*j£U-C&& 
^cfc, *^(c*j^T, In GaN. A l GaN. 



GaNtt^ttsfc-iXt. ZimKofr, 27CilH©#© 
miVmm#*m?<D-Citl3:< . m« InGaNT 
tt. I nGaN©f¥ffl**<fc3*ttl>«H"P<oa«OA 

tit, Sffi«:SfiH/T5 7iM6tt©«HT«(,>fciW(fl[* 
^tf &©?&£. CCtSttMlMI*. fiHfcfcittB. A 
L Ga, In, Ta*I I V«|KN*^tf 
fb£»*JiU £{*© 1 %wmh < it 1 x 1 0 2 0 c 
m a «T©^*©»A*£&*£4*S. 10 
[0 02 1 ] C©T»J«**2 1 ©KSg^ffii 

itsvumm&m (mocvd (movpe) m) 

Tiif$^i/-a (MB E^) fc£©»ffiJ5Sfi8«\ 
>W K9-f FSttBJ$S& (HVPEffi) *m»*Ci* 
ZOtpxmOVPE&lCkZt, jfiSCCtiffi 
tt©At»fc©#W6tiS. MOVPE&rtt. GaV- 
XiLTTMG ( F ') J ? A>*f V <5 A) . TEG ( F !) 

i.?)irt<)<5&) , a i y-^iur«TMA ( 

^UTJl'S-^A) . TEA ( F yx^UTJUS -3 20 
A) . Iny-Xilt«, TMI (F';^*;l/-f>^ 
-fA) , TE I ( F >Ji^-f>^A) fciWiU* 

ji^JStt^w^K teflon. s^siLr«T>*^- 

V-^ilTBSit*^?^, Ge-C*n« 
y;U-7>*'X v Mg"C*h«Cp2Mg (i/fd^ji 
yi^ni/'JA) , Zn-C*tl«DEZ (^x^ 

;Ui>>*) ft£©^*H!IW8h*. MOVPE&r 

tt. Ctl6©^X40iI^«6O 0° CVXklCimZtltc 
&R<omatcWtobr > tfz*frm?Zctu:J:<o. I 30 
n A 1 G a Nmt£®¥m#Z if^i/t JHSft 3 i± 

sc 

[0 02 2] |§Jltt&©Ta&ftJI2 1 ©StffiCC 
JfcKHP U/c§3Pgf52 3 *Wf SiltRvx * 2 2 #0$ 
3ft. H 5 5 K. *©AftJBtJWcHinLfcHP 

g|52 3^6©ji^S(Cj:- 7 T^f*12 4»&3ft 
£. jliR^* * 2 2 t3Stt£iB±CCft«€ L < »g#± 

Hi«re* 13 . m«BMbi' =» >««Mfci/ y => >■ 

^Ci*©^)i^e>^SvXi'1vff4^ffl$n^ 0 C©7 40 

n»«. prow. «w*=a»tt. KnmvtKzo&n 
w-c^^t^ao. s/c. a^s©fixspi#^i 

^>yx^»i*n®J«@©^^atSP©-a5i LTffi 

flif sc£*>pjfB£&s. 

[0 02 3] C©<fc5&jliRj&g©-?**2 2m*Bl& 
btctc 6X, aftttfrtSAffifttcj: oT*3WM2 4 

<D-tc#>oyfimtmc-fi ; &x'n*> c £#?* S. Jiftifttc so 
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&vit % mxnmm^m\t^mwfmLmk (mocvd 

(MOVPE) &) WSlf$+V-ft (MB E 

tt) &£©awBsisft«>. MF?-f K^ffiBSEss <h 
vPEffi) *flH>sc 

[0024] a«»3lHR^©«Ji*a{C*>^"C«. SIR 

m2 4oim\jttttam** »* o< « { 1 - 1 o 1 } 

ffigtXtt {11-22} WttcitCtlhO&Wltnm 
«fc WfciB©<fi*> 6»«i*iirc* * C £ #2* L 

< . ffK©*ftrjHRjjat"r* c txmtizm£imx$> 

So CCfflMOfcgUffii UTtt. W*.«»R©iiif* 
C + ffiiTSCir. SII*JtttSffi{C*JIWfcW& 
B0\ £L < it { 1 1 - 2 2 } ffigfctt { 1 1 - 2 2 } m 

a**. miRj&&*fi'7tc®&-cit, mfozmicubx 
tmisitwmt tx sffisc>* {11-22} ma, c 

+iB©±KW!li8*l/WR«:a6ti&3Sc3eiB'C*«3. ib 

mb&tt^mv&z. cmicc+mtc-m^^-r 

S*^ *BjjflB(c*joT«. fticVihb^MGit* C + 
BGaNiCCS+iB^fiRSUrfcO. Ctl^SMiL/T 
mWbX^Z. His, SffiKOl»T«S + ffi*«$5£fflr 
$/cC+ffi©fflJg^» (0 00 1) T&S, 

[0025] c©sffio^T«; a{fc*f;^^*{t^*i 
^m&zm^xfeikmmi&Ltcmsicit, sm±, g 

a * h N ^©#> F 2 $ fctt 3 i C - BS©^{C^ < 
^CS. CCTC-ffi»C + ffi©±tCtt*«Lh»*C&*i 

r*J5tir>©r. sffir©#>F^««:i^c^©i^ 
^b^*RSfit/cis^ > -jttio;u7«aj©a<k«i©iHi 

«C+iBKttS*J v aj?s!tfi*jWfflf 5Cit?Sif*}S 
L^-r^iaiSj^feoN©^^ F^Ga*^-*©*> F 

*«±©sj<>Kns^"r*ciK:a4. i^t, mm 
ccv/i 1 1 tt*j±ff-r&ciKao. sm^it©^ 

att©i^±K:*Wr*«. Sfe^ SSiSiftS^fitcfiS 
Si mWp 6±«:ft07cl5{4*5ft c i 4> £> 0 . 
^B©fi»{ct>#fUtft*. 

[0 02 6] C©J:5&¥a£<*JI2 4{ai < H6(C^-T 
J:5tc, «Mii±{C»l*«li'5» FJB2 5. Mil© 
r£ttJi26. *J<fcO'^2^SS!^7^ FH2 7*ifg)13 

fel^r, #v- F^s*7-tz>*£ffl(,\ ^SL//c7t 

«&src* o c + ffi«: t\M bx mss&im <4->ti> 

SCi^Snr^S. 1StCl nGaNri14Jl©^SS 



Ktt«*tf7 0 0^8 0 0* C©»irctt7 
>*-7©#)B»(j*#ffi< . J:0NtttefcR£3ft*. 
$/cAFM-C^E*m/ciC6X^y7"*5Jie-5r InG 

>^v»e>y*ff9i. 0. 5- 1 w mgg©#jj?tg 

S/c> S EMrm/cl4ffl©¥iittfeC+ ffi<fc 0» 

[0 02 7 ] Mi4ffi±{cm)13 tlZm 1 7 ? F 

B2 5. !fllCDr£ttB2 6 t *siO*^2^mM^7^ F 
B2 7{tfcl>T, jtlW^ttpiXttnST*^ HI 

2**stt*©E*f©*«ss-r*s. wussffi^ia 
m&mic&i-cmf&Ltcm'gi'Cte. n®*5?FB2 5 20 

oTftj&U *<D±.iCl nGaNB£ri&B2 6 tbX 
J&SU S^K-eoiKpa^^s FB2 7iL/-Cvi/ 

*i"5A F-^ , ©a{b*»; i 5A»fb^»**ftji%»BS 

[0 02 8 ] fcfc, »l©SttJ12 6r**mtf I n 
Ga NB£A 1 Ga N®"C»tf«j^M"WcW{CA 1 G 

» 1 ©«14B 2 6 B»-©^ *j§ttJrc*fiW SCi 

*>«j|fir**#. #-»^#f (sow) -*a 30 

-?#F (DQW) £««^#F (MOW) 
£'©*^#F*®*0fiSUcfc©raork&l>. 
#F$i&fc: O^fclS CTS^F©$HII©fcaK:»g 
B#0*ffli*toSo tittB2 6* I nGaNB£Lfc»£ 

IK61*tt*a<-rSCi*'C**. S^CCOInGa 

Wi^> F-^r^^*«:-cts^^?L©/ca)Kn 40 
ffli&*tt*&i*a#. ISSi. Ge. Se&£'©F 

^-^*BU%teSfiSg*{c F-^r* c £ r. tt'jr 

¥zSft£p§!i£f StCli. feUtftCMg^ Zn. C, B 
e. Ca, Bafc£©7^7 - *-*»£ F-7'-f £ 

=*>a £©*fStt#*aa»"T?4 0 0 "ceuirr-- 

{bf«*ttfe*»). v^ojftjRW. MWfci'-erStt so 




4$H 2003-68109 
10 



<bf 

[0 02 9 ] 01©r§tta2 6€r^tf^l^SSi'7 > 
FB 2 5 2 2»«M^ ^ y KB 2 7 (C»SS^£S 

gtt»«ffl«w«:^3tis. &«stt**i*ti©j*f e 
j;\m&<»m*x&M{t? zctbvzz. m&tmz 

tt&B©&Mt***tt ac<fc o rm# vxxmz ti 

60 *^i«as?iisaiajfiB^a«©-*©ffiKjKfiR-r 

7 » FB2 5«TSl5^ziftB2 1 (C«SU»(cSfitt3ti& 
/cto. C©T»49M*Ji2 l«c«ttS-S*Jg-CnfflW« 

9. g«BiC^mi4?r#4b/c0 Ur> nffl«^©-S|J 

[0030] s/c^k. *i^©^ft^^ 
»jBMiaw>iWfa»»K©*aj?«R:«s%^)is-j-*«i 

r^ttt wmtin v x mmz&m- z> c t tuv * . 

it, AFMzm^tcmmp, MmmzxteM-tzct 
-mt bxmm±_<D&ft*. wRtc%x>mt&tt 

[0 03 1 ] ^CK. H7K^«fc5K. fi£SSfie2 0© 

iMKaWf tons. fiss««2 0 ** 9 >?pwmu a 

K.£-7Xf&£tZCti>B}mx-$>Zl)\ J&SS&2 0* 

mw^-y y-irwfct itcm&xtz, j&&mm o© 

— £YAGU-tf-©fc'-A£M*hr£C<t-C 1 fiKSS 
«2 0 t-?-©±©TSP¥«<*B2 1 £©P«IHC U— «f-T 

<b«. SI^©l6ffl©t-A*MI*tr, fiKSS«2 0 
iTSIJ^2i{*B2 l©ffl©^ffl-C^-A©«iRx^;l/ 

*f—frhymmbm2 i©w^-c$>sGaN© i 5%© 

aBR*»43"tt. R!cSaS2 0<!:Tg|5*z!S(*B2 1*^ 

«P¥«^B2 l *§S«:^lit?tS„ RSSSS2 0©# 
«c 0 . Tg0¥ii#B 2 1 ©JSffi 2 8 #®Mf S. 



[0 03 2 ] J&fi«&2 0©5TO. mifcftMZtltc 

mm* 3 o t>m 9 tt^t j: 5 feasts 2 9 ±k« d 

X'ft*)tt MX £ . &$BfcJR?- 3 0 ISTSB^Sftlf 2 1 
©fi^a*2S*i2 9©aiffitcttg£fci*6ft*. 

&MfW#m$ti. TSP¥iSWi2 1±©-S15©®{t 

©3>#* h*-;l/©EOT&trFS|5¥«ftJi2 lip 

[0 03 3 ] &fc. 010. 01 1 £#JRl/frfli6. * 

[0 0 34] WtZJ*- F4 1 ». «AftjBBtt©fc 20 
ffl 0 JBtt©3»l»4 8 * m L . * fc]gg|SCC « Aft Wtt 
©T8BSfi@4 9*^StiT(,^„ C©J:5ftBgAft 

«H*©»*»«rrs*wey-f F4 i ». m&© 

W6^*-F 1 1 iBI*{CGaN*©jb^»a|^WM 
fcjcoTflWW* *©«jfi3MS©-«** 

(Cffifi'< »7rl4 TSP^SIl 4 9 *JBl& b fc». £ffl 
K J/ U n >BW tIKl £©l$Sffi«IJt*Jgli* h , «©l£fi 
H*IKcft 5 * B >7JM*+ 5 * a >©1f >T XOBSPSP 
fcBfifcU *©IBP»*ffit>fcjW?lSfiK:j:oTfcAft 30 
«6EMX©e^*aHPSa»6£HJ3 ttS <fc 5 KJ^iS-S- 

*. c©«f. BAftii«tt©isaaj©«*iii (7r-fe9 

h) il/Ttt. fciAtfSiS ( { 1 - 1 0 1 } ffi) SO 
< (J { 1 1 - 2 2 } S*iffii4L/t7 r 42 » h 6 UTljXg 
C©Sffi«tC?£ttj|£m*ra¥3Mtil£ft2 

Aft «BI5tt©«SJI*©«MiBK*iflrc * * . c c 

I n G a N »3 . TAW©!! 1 2$SM¥« 
tf5> y a > F - ^©G a N 6«fiR3 tl. 
Jb«J©» 1 ig1t§!>¥z£ttJf tt«it «v * S/ A F - ^ 40 
©GaNl*6MS^. KAftliJBttCfBfey-f* 
-F4 1©fi3H»tt. JE»tt£r*Ci fenfire** 

4^S*»«t?«WiEAft»©«tt*WLri»*. & 
fc. Jl^ftEitB, T»JdM4 9J&^lS3*ifctt8 
■C3^««4 4K:|fc)6^*-F4 UWUi»)£fo3h3 
tMi 3h5*5, 43gl^JB»T8Rl$gB 4 9 

[0 0 3 5] C©«k9i&ClBfe#-f*-F4 1 fC«, 01 
0 (Cni? J: 9(CXrC<f 5A«©!fita»4 3 ififtmZtlX 50 
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i>*. ^^-f5;utt©aas»4 3». «*y-f*-F4 

«. ^issm. a^^ft©£isji39w*Ji*>*--# 
E^rnx \jidvt itcct raws ti* . 

^^^7Jbtt©!aa»4 3tt. *©JI5tt*6JSSiLT 
WtU ^^^9*«©aaOT4 3©*iCi««©-Hltt* 
F4 1 ©Jg«J©TSBl&gJi4 9 (cOH? 

F4 1 ommzmmLxwrn* 2KWtefw. 

g5xg|54 3 ©^K^*->&£«0^©&©«-Wc 
C0 03 6]ft)ty-f*-F4 1©pflI»ffi4 5». * 

ft-en**^ *- F4 1 ©^MSPK^RKsnTfco . 
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